Background: The naturally occurring male-to-female (M/F) ratio at birth is 1.05. Higher ratios found primarily in countries across Asia have been attributed to prenatal sex selection due to son preference. There is growing evidence that sex-selective practices continue following migration; however, little is known about these practices following migration to Australia.
Background
Between 1970 and 2010, sex selection and postnatal excess female mortality due to discrimination have resulted in an estimated 126 million women 'missing' worldwide. China and India have been identified as the major contributors to this deficit. 1, 2 High male-to-female (M/F) ratios at birth have been observed in a number of countries across Asia, but also other parts of the world, including in Southern Caucasus and parts of South East Europe. 1 M/F ratios at birth higher than the biological ratio of 1.05 (biological range 1.04-1.06 3 ) is a simple yet strong indicator of systematic discrimination against females through prenatal sex selection. [1] [2] [3] Prenatal sex selection most commonly occurs through termination of pregnancy following sex determination. 1 It is also possible through pre-implantation genetic diagnosis by identifying the sex of the embryo for in vitro fertilization (IVF), or through sperm sorting. 1 Ultrasound is the most widespread technology for fetal sex determination, and a rapid increase in sex ratio imbalances has been seen in some regions since the 1980s, when the use of ultrasound scans in pregnancy became widespread. 1, 3 Other prenatal sex determination methods include amniocentesis, chorionic villus sampling and, in the most recent years, a blood test from the pregnant woman early in pregnancy. 1, 4 M/F ratio imbalances generally increase with birth order in settings characterized by son preference, often with a sharp rise after first births (where M/F ratios often are at normal levels). 1 With the M/F ratios observed in India and China, it has been estimated that 30% of sonless women in India resort to termination of female pregnancies after the second birth, and that 25% of sonless women in China resort to termination of female pregnancies after the first birth. 3 In some settings, lower M/F ratios at birth have been observed in contexts of nutritional deprivation due to higher vulnerability of male fetuses. 5 M/F ratios at birth have also been suggested to fluctuate due to stressors such as wars, surrounding temperature, economic crises and ecological disasters. However, the current evidence is thin and the effect on M/F ratios of these other factors is negligible in comparison with documented sex imbalances attributed to prenatal sex selection. 3, 6 Australia is a multicultural country with about the third of the population born overseas, with the largest groups originating from the UK, New Zealand, China, India, the Philippines and Vietnam. Since 2004, sex selection has been prohibited throughout Australia, with the exception of situations where there is a risk of transmission of a genetic condition, disease or abnormality that would severely limit the quality of life of the person who would be born. 7 A number of states, including Victoria, also have legislative prohibitions on sex selection during assisted reproduction. 8 Abortion is available on request in Victoria if the woman is not more than 24 weeks pregnant. 9 There is evidence to suggest that sex-selective practices continue in some migrant communities in Western high-income countries irrespective of the majority cultural consensus to reject such practices. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] However, no previous research has been undertaken to explore the situation in Australia. Our aim in this study was to describe M/F ratios at birth among infants born in Victoria of mothers born in different countries, and to assess potential differences in M/F ratios between mothers born in Australia and mothers born elsewhere. All analyses are stratified by time period and parity.
Methods

Study design
Data for this population-based study were derived from the Victorian Perinatal Data Collection (VPDC), which is a population-based surveillance system that collects information on maternal characteristics, obstetric conditions, procedures and outcomes of every birth in Victoria, Australia.
Procedures
We obtained data on all births at !20 weeks of gestation (live birth or stillbirth) or with birthweight !400 g (if gestation unknown) during the time period 1999-2015 (n ¼ 1 191 250).
Variables
Dependent variable. Births were categorized as male or female. Each infant in multiple births had an individual case record, enabling analysis of multiple births regardless of whether they were of the same or mixed sex. Maternal and infant characteristics. Infant birthweight (grams), estimated gestation (weeks), birth plurality, parity (all previous pregnancies that resulted in a live birth or stillbirth of !20 weeks of gestation or at least !400 g in weight), maternal age (in years), and marital status (dichotomized as married/not married, where the second category included widowed, divorced, separated, de facto and not stated) were used to describe maternal and infant characteristics. Parity was also in used in analyses of M/F ratios and relative risks and categorized into 0, 1 and !2.
Missing values and accuracy of data. The dataset was largely complete, missing values were less than 0.001% for all variables used and cases with missing variables were consistently excluded from analyses. The following accuracy of birth data collected in 2003 27 
Statistical analyses
To establish M/F ratios at birth and their 95% confidence intervals (CIs), we used logistic regression (intercept-only model). Point estimates above or below 1.04-1.06, with a 95% CI excluding the natural ratio of 1.05, were considered as different from the natural ratio. To investigate differences between mothers born in Australia (reference category) and in other countries, relative risks (RRs) with 95% CIs for male births were estimated using generalized linear models (GLM) with a Poisson distribution, log link function and robust covariance matrix estimator. Maternal age was adjusted for in these analyses, as a number of previous studies have indicated a negative relationship between male birth and increasing maternal age. 29, 30 All data were analysed using SPSS version 24.
We undertook analyses separately for singleton and multiple births, and all births combined. However, because M/F ratios are most commonly reported as population sex ratios at birth, we decided to present the majority of findings based on all births combined, to facilitate comparison with the naturally occurring M/F ratio, as well as with previous publications and country-specific reports on population sex ratios at birth across the globe.
Ethical considerations
Ethics approval was obtained from La Trobe University (SHE CHESC), reference S15/232. Use of the VPDC data was approved by the Consultative Council on Obstetric and Paediatric Mortality and Morbidity (CCOPMM) in Victoria, Australia.
Results
Background characteristics of mothers giving birth in Victoria, Australia 1999-2015
There were 1 191 250 births reported in Victoria between 1999 and 2015, of which 852 016 (71.5%) were of Australian-born mothers. Table 1 outlines maternal, infant and birth-country characteristics of the study sample.
Mothers born in the Eastern Mediterranean region were on average youngest, and mothers born in the UK were oldest (mean age 29.0 and 33.2 years, respectively). The vast majority of mothers from India (97.8%), China (90.4%) and Sri Lanka (97.0%) and the Eastern Mediterranean (91.7%) were married, compared with two-thirds of the Australian-born mothers (67.2%). Parity varied considerably between countries/regions; 42.8% (n ¼ 16 554) of births to Eastern Mediterranean mothers were of parity 2 or higher, whereas the equivalent figure for Indian and Chinese-born mothers were 6.4% (n ¼ 2341) and 7.1% (n ¼ 1658), respectively, compared with 22.2% of Australian born mothers (n ¼ 189 106) ( Table 1 ). The number of births to Indian, Chinese and Eastern Mediterranean-born mothers increased the most during the period 1999-2015, with a more than 10-fold increase in births to Indian-born mothers from 1999 to 2015 ( Figure 1 ).
Male-to-female ratios at birth by mother's country or region of birth 1999-2015
For the period 1999-2015, the M/F ratio among births to Australian-born mothers was 1.053 (95% CI 1.048-1.057). At the same time, the M/F ratios among births to Indian and Chinese-born mothers were elevated above the natural ratio, with RRs of male birth higher compared with births to Australian-born mothers (Table 2 ). In analyses of singleton and multiple births separately, M/F ratios remained higher than expected among singleton births to Indian-and Chinese-born mothers, although differences between groups were statistically significant only for births to Chinese-born mothers (Table 2) . Among multiple births, M/F ratios were considerably higher than expected for births to Indian-born mothers (M/F ratio 1.204, 95% CI 1.054-1.375), with the RR of male birth being higher compared with Australian-born mothers (RR 1.072, 95% CI 1.008-1.140, P ¼ 0.026) as also illustrated in Figure 2 . The M/F ratio for the total sample of multiple births (n ¼ 39 485) was 1.040 (95% CI 1.020-1.061), slightly lower than for singleton and multiple births combined.
Male-to-female ratios at birth by mother's country or region of birth, stratified by parity
The M/F ratios decreased stepwise as parity increased in the total sample and among births to Australian-born mothers. On the contrary, we found a stepwise increase in M/F ratios as parity increased among births to Indian, Chinese and South East Asian-born mothers (Table 3 ; illustrated in Supplementary File 2, available as Supplementary data at IJE online). This pattern was unique to these countries/regions, although differences between groups could only be established for Indian-and Chinese-born mothers at parity 1 (i.e. one previous birth). The M/F ratio of births to African-born mothers was lower than expected at parity !2, and the RR for male birth elevated among New Zealand mothers at parity !2 (Table 3) .
Male-to-female ratios at birth by mother's country or region of birth, stratified by time period and parity Over the three time periods 1999-2004, 2005-10 and 2011-15, the M/F ratio slightly increased within the natural range for infants of Australian-born mothers (1.049, 1.053 and 1.057, respectively) ( Table 4 ). The M/F ratios were higher than expected for infants of Indian, Chinese and South East Asian-born mothers in 2005-10, with RRs of male birth higher than among infants of Australianborn mothers (Table 4) . No abnormal M/F ratios or RRs were found for remaining countries/regions. When stratified for both time period and parity, the M/F ratios were also higher than expected in the most recent time period 2010-15 for Indian and Chinese births, most notably at parity !2 (India: M/F ratio 1.218; China: M/F ratio 1.248). Furthermore, the pattern of stepwise increasing M/F ratios with increasing parity was very similar for Indian and Chinese births in this most recent time period (Table 4 and Figure 3 ).
Discussion
This is the first study in Australia to show a systematic excess of male births to mothers born in India, China and the South East Asia region. The study is also unique in the world to show excess male births among multiple-birth infants in a population sample. The most notable findings were the stepwise increasing M/F ratios with increasing parity, and the high M/F ratios of parity !2 infants of Indian and Chinese-born mothers in the time period 2011-15 and of multiple births to Indian-born mothers.
The results are consistent with previous evidence from other Western high-income countries, including Canada, Greece, Italy, Norway, the UK and the USA, where elevated M/F ratios have been observed following migration among infants of Indian, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] 26 Chinese, [10] [11] [12] [13] [14] 19, 26 and South East Asian-born mothers, 16 particularly at higherorder births. The findings are also consistent with a 2015 report by Special Broadcasting Service (SBS) radio based on national data from the Australian Bureau of Statistics (ABS), which indicated higher than normal M/F ratios at birth among infants of Chinese-born and Indian-born mothers between 2003 and 2013 (M/F ratios of 1.095 and 1.082, respectively). 31 To our knowledge, the report has not been scientifically evaluated or published, and does not take into account the influence of parity or birth order. Some of the previous studies from other Western highincome countries have addressed the influence of: the sex of previous siblings; the relationship between terminations and son birth; mixed nativity couples; and duration of residence in the new country, on M/F ratios and sex selection. In a study from the USA, it was shown that Indian mothers were significantly more likely to give birth to a boy if the previous births were girls, and more likely to terminate a pregnancy before the second or third birth if the previous births were girls. 19 Studies from Italy 11 and Canada 21 show a relationship between previous terminations of pregnancy and a son birth among Chinese parents 11 and Indian mothers. 21 One Canadian study identified elevated M/F ratios at higher-order births also among couples with mixed nativity, including where the father was Indian-born and the mother Canadian-born. 22 In another study, high M/F Natural ratio for singleton and multiple births combined. See Table 2 for M/F ratios with CIs.
ratios were observed to persist independently of duration of residence in Canada among Indian immigrants. 23 A novel finding of this study was the substantially elevated M/F ratio among multiple-birth infants of Indian-born mothers. M/F ratios are generally lower in multiple births compared with singleton births, 13 as also indicated in this study. Multiple births are also more common after medically assisted compared with natural Individual Australian-born parity group used as reference for the corresponding parity group from each of the other countries/regions. In the most recent years, a new method for prenatal diagnosis has been introduced in Australia, the Non-invasive Prenatal Testing (NIPT), which has facilitated identification of fetal sex with high accuracy at an early gestation. 4 It has been discussed that NIPT has the potential to influence the rate of pregnancy terminations, as it can be used for expectant parents to act upon the results because of preference for one sex, for family balancing or for the purpose of influencing the sex in the birth order of children. 4 Even though NIPT is still costly (approximately 450 AUD) and not publicly funded in Australia, an increasing demand has been observed. 34 It is anticipated that this test will become more widely used as the price drops, because of its advantages in identifying genetic abnormalities and fetal sex earlier in pregnancy. 4 Its implementation has also been shown to reduce the number of invasive diagnostic tests and also fetal losses related to these procedures. 35 It is advisable to closely monitor its potential effect on birth sex ratios in the population, in parallel with its increasing uptake. Interestingly, although Indian-, Chinese-and Vietnameseborn mothers share a birth country context where M/F ratios are significantly elevated at national levels, 36 our findings indicate that the practice of sex selection may not continue with migration from Vietnam (on a scale large enough to distort sex ratios in this subgroup). One possible explanation for this finding may be differences between groups in relation to how similar or dissimilar the migrant population is to the general population of the birth country, including factors such as education, socioeconomic status, religion and desired family size. Another explanation may be that there are differences in the pace and level of assimilation between immigrant groups in Australia. Further research into underlying motives for sex selection after migration seems imperative, to disentangle why sex selection may continue within some ethnic communities but not others. A surprising finding was the low proportion of higherparity births among Indian-born mothers in this study. India has a relatively high fertility rate in comparison with the other country categories in this study sample (see Central Intelligence Agency, Table 1 36 ), and the results indicate a significant drop in fertility with migration. In the context of son preference, fertility decline has been shown to increase the tendency to turn to prenatal sex selection to increase the chance of a male birth, 1 as the stopping rule (i.e. to continue to have children until a son is born) may not be a feasible option for couples who desire a small family. This may also explain why M/F ratios generally increase with parity in this context. 1 The figures in Table 4 (also illustrated in Figure 3) show that M/F ratios were significantly elevated above the natural ratio for first births (parity 0) of Indian-born mothers in 2005-10, and higher for the first than subsequent births. This can possibly be explained by the fact that 64% of births to Indian-born mothers were of parity 0 in this time period (compared with 59% in the subsequent period) and, if couples wish to have only one child, they may act to influence the sex of the first birth. The substantially male-biased sex ratios seen at parity !2 for births of Indian and Chinese mothers in 2011-15 (1.22 and 1.25, respectively), have less of an effect on the overall M/F ratio, as the number of births is much smaller at these higher parities. This shows, however, the importance of taking parity into account in the investigation of potential sex-selective practices in populations. According to our calculations, the high M/F ratios at higher-parity births to Chinese and Indian mothers in 2011-15 indicate that for every 10th and 12th female born, respectively of parity two or higher, one female was de-selected either through termination of pregnancy or assisted reproductive treatment (calculations based on comparison with the M/F ratios of Australian-born mothers in the same parity category).
A few existing studies on sex ratios in Western highincome countries are based on population data covering the periods before and after the 1980s, which coincides with the introduction of fetal sex determination through ultrasound and the possibility of sex selection via assisted reproduction. These studies from the UK, USA and Norway provide evidence that sex selection rather than environmental or biological factors is behind the significantly elevated M/F ratios at birth in some immigrant populations, as the studies consistently show elevated M/F ratios in periods after the 1980s only. 13, [18] [19] [20] 24 Although the World Health Organization has suggested a range of measures important for prevention of prenatal sex selection, 37 there is a gap in the literature regarding interventions to address the phenomenon within migrant communities in Western high-income countries. It is imperative that these measures also address the social and cultural factors leading to son-preference and the social, economic and symbolic positions of females, 3 including the values parents put on their sons and daughters.
Strengths and limitations
This study is the first of its kind in Australia, with important policy implications. The routinely collected population-based data have been shown to be largely accurate and complete in rigorously conducted validation studies, 27, 28 which eliminates the risk of response bias. We were unable to obtain data before 1999, however; because immigration from countries with high M/F ratios was low in the early periods of this study, the contribution of further data from earlier years would likely be limited.
Other limitations include that we were not able to assess the influence of time since immigration, the number and sex of previous siblings, partner's country of birth, second or subsequent generation migration, or other socioeconomic factors including education. It is important to note also that we are unable to draw conclusions about the individual contribution of assisted reproduction versus pregnancy termination to our findings.
Further research
The perinatal data collections across Australia collect data on a range of variables related to pregnancy and childbirth, in some states (including Victoria) also including total number of previous induced abortions and total number of previous spontaneous abortions, and if ART assisted the current pregnancy. Exploration of these variables could potentially provide further indications of whether the identified male-biased sex ratios are the result of sex-selective abortions or ART. Through data linkage with previous births, it would be possible also to analyse sex ratios based on the sex composition of siblings. This analysis is suggested to provide the most robust evidence of selective choices.
1
Conclusions
This study provides evidence that prenatal sex selection may be taking place following migration to Australia. It is important that health policy makers support and strenghten population-based surveillance systems that allow for monitoring of birth outcomes, birth sex ratios (also by parity), and other relevant indicators for gender discriminatory practices in pregnancy and childbirth, to reinforce social policies to tackle gender discrimination in all its forms, including son preference, and to evaluate the adherence and effectiveness of such policies.
Supplementary Data
Supplementary data are available at IJE online.
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